Cu2+ is required for pyrrolidine dithiocarbamate to inhibit histone acetylation and induce human leukemia cell apoptosis.
Pyrrolidine dithiocarbamate (PDTC) has been considered as a potential anticancer drug due to its powerful apoptogenic effect towards cancer cells, where Cu(2+) plays a distinct yet undefined role. Here we report that Cu(2+) is critically needed for PDTC to inhibit histone acetylation in both human leukemia HL-60 cells and human hepatoma Hep3B cells. The inhibition of histone acetylation mainly resulted from the increase of intracellular Cu(2+), but was not due to the inhibition of NF-kappaB activity by PDTC-Cu(2+) since the combinations of Cu(2+) with SN50, MG132 (two known NF-kappaB inhibitors), or bathocuproine disulfonate (BCS, a specific Cu(2+) chelator that does not cross the plasma membrane), did not lead to obvious inhibition of histone acetylation. Histone acetyltransferase (HAT) and histone deacetylase (HDAC) are the enzymes controlling the state of histone acetylation in vivo. Cells exposed to PDTC-Cu(2+) showed a comparable decrease in histone acetylation levels in HL-60 cells in the absence or presence of the HDAC inhibitors, trichostatin A (TSA) or sodium butyrate (NaBu); the inhibition rates were about 45, 44 and 43%, respectively. PDTC-Cu(2+) had no effect on the activity of HDAC in vitro, but significantly inhibited the HAT activity both in HL-60 cells and in a cell-free in vitro system. PDTC-Cu(2+) also induced HL-60 cell apoptosis, and treating cells with TSA, NaBu or BCS significantly attenuated the apoptosis induced by PDTC-Cu(2+). Collectively, these results showed that inhibition of histone acetylation represents a distinct mechanism for the cytotoxicity of PDTC in the presence of Cu(2+), where HAT is its possible molecular target.